Dietary restriction (DR) is known as a nongenetic intervention for the extension of lifespan and inhibition of diseases in aging animals (Weindruch & Walford, 1988) . Although the molecular mechanisms by which DR extends lifespan have remained elusive for many years in mammals, recent studies using mutants of Caenorhabditis elegans have revealed genes required for the effect of DR (Greer & Brunet, 2009 ).
Daf-16, a forkhead transcription factor in C. elegans, was first identified as a mediator for lifespan extension induced by a reduction in insulin-like signaling (Daf-2 and Age-1 signaling; Kenyon et al., 1993) . Subsequent studies also indicated the necessity of Daf-16 for the lifeextending effect of DR in C. elegans, although the findings depend on the DR regimen (Greer & Brunet, 2009) . Mammalian orthologs of include Foxo1, Foxo3, Foxo4, and Foxo6 (Greer & Brunet, 2005) , which may be involved in the effects of DR. In fact, we have previously demonstrated that haploinsufficiency of Foxo1 diminishes the antineoplastic effect of DR in mice, indicating the necessity of Foxo1 for the effect of DR (Yamaza et al., 2010) . However, compared with Wild-type (WT) mice, lifespan is extended by DR to the same extent in Foxo1 +/-mice. Our results indicate the involvement of Foxo1 in the antineoplastic effect of DR but not the regulation of lifespan. In C. elegans, four isoforms of Daf-16 have been isolated (Lin et al., 2001; Kwon et al., 2010) . Among these isoforms, Daf-16a and Daf-16d/f are major regulators of lifespan under reduced insulin signaling, suggesting isoform-specific regulation of lifespan (Lin et al., 2001; Kwon et al., 2010) . These findings prompted us to examine the role of Foxo3 in the effects of DR in mice.
In this study, male WT, Foxo3 +/-, and Foxo3 -/-mice were subjected to 30% DR initiated at 12 weeks of age. The genetic background of the mice was C57BL6 (Miyamoto et al., 2007) . Control mice were maintained under the ad libitum (AL) condition. Foxo3 mRNA expression levels were not affected by DR in various tissues of WT mice (Yamaza et al., 2010; Fig. S1 ). Compared with WT tissues, Foxo3 mRNA levels were reduced in Foxo3 +/-and Foxo3 -/-mouse tissues depending on the Foxo3 gene allele (Fig. S2 ). The Foxo3 protein abundance was also reduced by up to 50% in Foxo3 +/--DR mice compared with that in WT-DR mice (Fig. S3 ), whereas no alteration in the abundance of Foxo1 was found in Foxo3 +/-mice. The food intake by Foxo3 +/-and Foxo3 -/-mice was similar to those by WT mice under the AL condition, and thus, the daily allotments for each DR group were almost the same during the lifespan study (Fig. S4 ). The average body weights of WT, Foxo3
, and Foxo3
-/-mice were also similar under AL and DR conditions ( -DR mice (P = 0.0060 and P = 0.0112; Fig. 1D ). Unlike WT mice, a Cox proportional hazards model also validated that DR did not extend lifespan in Foxo3 +/À mice (interaction between the genotype and diet effects (Genotype 9 Diet, P = 0.00269; Table S1 ). Postmortem examination revealed that 66.7% of WT-AL mice had some type of tumor such as malignant lymphoma (Table 1) . In WT-DR mice, the tumor prevalence was reduced significantly compared with that in WT-AL mice (P = 0.024 by the likelihood ratio test). In Foxo3 +/À mice, DR also significantly decreased the tumor prevalence (P = 0.0263); the prevalence of tumor also appeared to be reduced by DR in Foxo3 À/À mice, although it was statistically insignificant probably because of the small numbers of mice examined.
Because DR reduced the prevalence of tumors in Foxo3 +/À mice, we also analyzed the lifespan data by tumor-free and tumor-bearing mice separately with the Cox proportional hazards model ( Fig. 1E,F ; Table S1 ). 
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Similar to all mice, among tumor-free mice, DR appeared to affect lifespan in Foxo3 +/À mice differently from that in WT mice (Genotype 9 Diet, P = 0.0553; Table S1 ). In contrast, DR reduced the mortality of tumor-bearing Foxo3 +/À and WT mice in a similar fashion (Diet, P = 0.0045; Genotype 9 Diet, P = 0.3131; Fig. 1F and Table S1 ). These findings suggest that Foxo3 is required for the life-extending effect of DR, but unnecessary for the antineoplastic effect of DR. The results in Foxo3 +/À mice contrast with those in Foxo1 +/À mice (Yamaza et al., 2010) suggest differential regulation of cancer and lifespan by DR via Foxo1 and Foxo3 (Fig. S7) . Paik et al. (2007) reported functional redundancy of Foxo1, Foxo3, and Foxo4 in the regulation of lifespan and cancer in mice under the AL condition. Single deletion of either Foxo1, Foxo3, or Foxo4 genes resulted in minor alterations in the incidence of neoplasms and lifespan; only triple knockout of Foxo1, Foxo3, and Foxo4 genes caused the cancer-prone phenotype and shortened lifespan. However, our study indicates the distinct roles of Foxo1 and Foxo3 genes under DR conditions. Natural roles of Foxo1 and Foxo3 might surface under harsh conditions such as DR, because each Foxo should be activated to adapt to these conditions and to protect cells from insults.
Finally, a group of single nucleotide polymorphisms in linkage disequilibrium within a coding region of Foxo3 (but not Foxo1) is reported to be associated with human longevity (Willcox et al., 2008) . Therefore, our findings also suggest the presence of a common Survival curves of tumor-free mice. DR appeared to affect the tumor-free lifespan of Foxo3 +/À mice in a different manner to WT mice (Genotype 9 Diet interaction, P = 0.0553 by the Cox proportional hazards model, Table S1 ). F) Survival curves of tumor-bearing mice. DR extended the lifespan of Foxo3 +/À and WT mice similarly (Diet, P = 0.0045; Genotype 9 Diet, P = 0.3131, Table S1 ). mechanism that regulates longevity and aging in a range of organisms. Dissection of the target genes of Foxo1 and Foxo3 under DR conditions might reveal precise pathways that regulate cancer and aging in mammals.
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